Objective. To examine the effects of distance to dentists and dentist supply on dental services use among children with Medicaid coverage in Iowa. Data Source. Iowa Medicaid claims for enrolled children between 2000 and 2009. Study Design. The study sample included 41,554 children (providing 158,942 childyear observations) who were born in Iowa between 2000 and 2006 and enrolled from birth in the Iowa Medicaid program. Children were followed through 2009. We used logistic regression to simultaneously examine the effects of distance (miles to nearest dentist) and county-level dentist supply on a broad range of dental services controlling for key confounders. Additional models only used within-child variation over time to remove unobservable time-invariant confounders. Principal Findings. Distance was related to lower utilization of comprehensive dental exams (2 percent lower odds per 1 mile increase in distance), an effect that also held in models using within-child variation only. Dentist supply was positively related to comprehensive exams and other preventive services and negatively related to major dental treatments; however, these associations became smaller and insignificant when examining within-child changes except for other preventive services. Conclusions. Longer distance to dentists is a barrier for use of comprehensive dental exams, conditional on dentist supply.
Another descriptive study focusing on orthodontic services found that mean travel distance was higher in dental service areas with greater utilization rates (opposite to what is expected), but there was no child-level analysis (McKernan et al. 2013) .
Access to dental care overall, and preventive dental services in particular, is critical for children. Left untreated, tooth decay can lead to school absences and ultimately poor school performance (Guarnizo-Herreno and Wehby 2012a) as well as significant psychosocial problems (Blumenshine et al. 2008; Jackson et al. 2011; Guarnizo-Herreno and Wehby 2012a; Seirawan, Faust, and Mulligan 2012) . Moreover, downstream health care costs may be significantly higher for untreated cases if decay leads to acute symptoms requiring treatment in a hospital or ambulatory setting (Kanellis, Damiano, and Momany 2000) . By contrast, early treatment of dental caries has been shown to be beneficial. Beil et al. (2012) find that very young children with existing caries are less likely to need subsequent treatment when they have a preventive dental visit.
In this study we evaluate the effects of both proximity to dentists measured by driving distance in miles to the nearest dentist and dentist supply using county-level measures of dental professionals per capita on the dental care utilization of Iowa children enrolled in Medicaid. Using a large sample and longitudinal data, we capture a wide set of dental care measures, including comprehensive exams, preventive care, and both minor and major dental treatments (e.g., fillings, crowns, etc.). To our knowledge, this is the first study to evaluate how differences in both individual proximity to dentists and supply of dentists affect children's access to several types of dental services. This study features a number of innovations compared to previous studies: In addition to the longitudinal setup of our analysis, we simultaneously examine driving distance and supply of dentists as well as multiple dental services and treatments. Our multivariate model approach controls for several potential confounders and evaluates changes for the same child over time to further account for unobservable confounding, such as child health problems and their severity which may impact use of dental services (Chi et al. 2011 ). Our work is very timely given the ongoing debate about future shortages of the dentist workforce and implications for access to care especially for states with large populations in rural areas (U.S. Department of Health and Human Services [DHHS] 2015b). As we show below, there is significant geographic variation in dentist availability and driving distance across counties in Iowa as well as changes in these indicators over the past decade.
Understanding the implications of these changes for access to care addresses an important knowledge gap in the literature.
METHODS

Study Population and Sample
Our study population included children born between 2000 and 2006 in Iowa who were enrolled in the Iowa Medicaid program since the month of their birth. All children were followed for at least the first 2 years of life and throughout their enrollment in Medicaid until the end of 2009. We included children who were continuously enrolled in Medicaid throughout their follow-up time in the study to accurately capture use of dental services. In the first 2 years of life, children were excluded from the sample if they had more than a 1 month gap in Medicaid enrollment during the year. After the first 2 years, children who were not enrolled in Medicaid for over 60 consecutive days in a given year were excluded for those years. The shorter gaps were allowed because it is unlikely that children obtained dental services during those short periods and to retain a large and representative sample.
The total sample included 45,794 eligible children providing a total of 189,283 child-year observations. Of those children, 34,512 (75.4 percent) were geocoded to street addresses in all of their follow-up years. Two children were excluded because they had the same address as the nearest dentist. After all exclusions, the primary analytical sample included 34,510 children providing 137,014 child-year observations with geocoded addresses for all their followup years up to the 9th year of life (133 child-year observations at 10th year of life were excluded to improve model fit). To examine the sensitivity of our results to restricting the sample to children with geocoded street addresses in all years, we also evaluate a less restrictive sample that includes children who have geocoded data for 1 or more years of follow-up (41,554 children providing 158,942 child-year observations).
Distance and Dentist Supply
We calculated driving distance in miles between the child's address in a given year of life (1st, 2nd, etc.) and nearest dentist of all dentists who have treated Medicaid patients in that year. Ten child address data files were available between October 2002 and July 2009. To generate a longitudinal dataset where the child is observed for each of their followed life years, we assigned for each child the most recent address prior to, or in the first month of, each of the child's years of life when possible. We measured dentist supply at the county level for each year by the number of total general and pediatric dentists per 1,000 children (aged 15 years or younger). Data on dentists were obtained from the Iowa Health Professions Tracking Systems, a regularly updated database of all licensed and practicing dentists in Iowa (Kuthy et al. 2009 ). We obtained the annual child population count from the Area-Resource-File (U.S. Department of Health and Human Services [DHHS] 2014).
Dental Services
We examined a wide range of dental services based on CDT codes from the Medicaid claims involving dental visits following similar approaches to previous studies using Medicaid data (Chi et al. 2013; Beil et al. 2014) . The outcomes were binary indicators for specific services. First, we evaluated all comprehensive dental exams (CDT codes D0150 and D0120), and then split the exams into separate indicators based on whether the exam was followed by a dental treatment within 91 days from the date of the exam. This distinction allows us to differentiate between primary and secondary/tertiary care. We also evaluated an indicator for other preventive care defined as receiving a prophylaxis, fluoride application, or dental sealants regardless of whether a comprehensive exam was provided or not. We examined three categories of dental treatments: major treatments (e.g., root canal treatment, crowns); tooth extractions; and minor treatments (e.g., surface fillings).
Statistical Analysis
We examined the effects of distance to the nearest dentist and dentist supply by including them simultaneously in the models for use of dental services. For each of the dental services, we estimated two types of logistic regression. The first model was a standard logistic regression that utilizes both between-child variation as well as within-child variation over time. In that model, we controlled for several potential confounders, including dummy variables for the child's year of life, median household income (county-level), number of siblings covered under Medicaid, gender, and race/ethnicity. Because of repeated observations for each child, we estimated the standard errors clustering at the child level using a Huber-type estimator (Wooldridge 2002) .
One weakness of the above model is that it is potentially prone to bias from unobservable child-level confounders such as household socioeconomic characteristics and parental preferences for dental care and child health. To account for such unobservable confounders, we estimated a second model that only compares each child to him or herself over time using conditional fixed-effect logistic regression with fixed effects for each child (Wooldridge 2002) . This model removes the influence of unobservable time-invariant confounders at the child level and allows for causal inference in the absence of time-varying unobservable confounders. Because it only uses within-child variation over time, the model can only be estimated for children with changes in their outcome variables (i.e., use of dental services) over time. As such, children who never use a certain dental service in all their study years or who use that service every year are excluded from the model (because their outcomes do not vary over time). Therefore, the estimation sample size is smaller for this model than the total sample. Observable, time-invariant child characteristics (e.g., gender or race/ethnicity) are also not included as covariates as their effects are accounted for by the child's fixed effects.
Because use of dental services varies by age and is much less frequent in the first 2 years of life ( Figure S1 ), we examined additional models stratified by age. Because the conditional fixed-effects logistic regression requires a fairly long panel of yearly child observations over time, we only estimated these stratified models using standard logistic regression using both betweenand within-child variation.
RESULTS
Descriptive Analyses
Table 1 reports summary statistics for the dental service measures and the explanatory variables for the primary analytical sample of 34,510 unique children (137,014 child-year observations). On average, about 22 percent of children had a comprehensive exam in a given year; most of the exams were not followed by treatment within 91 days. About 30 percent of children received other preventive services in the form of prophylaxis, fluoride application, or dental sealants. Among treatments, minor treatments were most common (about 6 percent of children per year) followed by major treatments (2.5 percent) and extractions (1.5 percent). On average, the nearest dentist was about 2 miles from a child and there were about two dentists treating children in Medicaid per 1,000 children. However, there was substantial variation in these measures both across counties and over time. Figure 1 shows average distance to the nearest dentist and dentists per capita across counties in 2009 in the study population and changes across counties from 2000 until 2009. Several counties had declines or little change in average distance, whereas others had an increase. Geographic differences and time changes are also observed for the number of dentists (bottom panel, Figure 1 ). These figures indicate substantial variation in the sample to examine the effects of distance and dentist supply on use of dental services in this population. Table 2 reports the estimates of the association of distance and dentist supply with use of dental services estimated from the two logistic regression models described above (detailed regression results are in Tables S1 and S2) for the Distance to Dentists and Children's Dental Care Use primary analytical sample with address data for children. Starting with the standard logistic model that uses both between-and within-child variation, we observe that an increase in distance to the nearest dentist is associated with a decline in the use of comprehensive exams (OR = 0.98; 95 percent CI: 0.98-0.99), specifically those not followed by treatment within 91 days. An increase in distance by 1 mile is associated with 2 percent lower odds of any comprehensive exam. However, there is no evidence that distance affected any of the other dental services in that model. Dentist supply is positively related to use of comprehensive exams not followed by treatment (OR = 1.17; 95 percent CI: 1.13-1.21), other preventive care (a prophylaxis, fluoride application, or dental sealants; OR = 1.1; 95 percent CI: 1.07-1.14), and to a decline in use of major treatments (OR = 0.89; 95 percent CI: 0.83-0.96). An increase by 1 dentist per 1,000 children is associated with a 17 percent increase in odds of comprehensive exams without treatment, 10 percent increase in odds of other preventive care, and 11 percent decline in odds of major treatments. Turning next to the conditional fixed-effect logit model which only uses within-child variation over time, we observe that distance is still negatively related to receiving a comprehensive exam (OR = 0.98; 95 percent CI: 0.97-1.00), although we find no statistically significant effects when separating by whether a treatment was received within 91 days from the exam or not. The effect on any comprehensive exam is similar to that from the standard model, suggesting no major bias from unobservable time-invariant child-level factors for this outcome. Furthermore, we observe a marginally significant decline in receiving other preventive services in this model (OR = 0.99; 95 percent CI: 0.97-1.00), but do not find significant effects on treatments. In contrast to the standard model, the effects of dentist supply on comprehensive exams and major treatments are remarkably smaller in the conditional logit model and insignificant, suggesting that dentist supply associations in the standard model are confounded by other county-level factors. The only exception is the effect on use of other preventive care which is marginally significant and of similar magnitude, indicating an improvement in this outcome with an increase in dentist supply.
Regression Results
Sensitivity Checks
As noted above, we also examined the models in a less restrictive and larger sample including children for any year with address data without requiring that they have data on all their follow-up years (Table S3) . We observe overall similar results as in the primary sample. The only notable exceptions in the conditional logit model are that the distance effect on comprehensive exams is significant for those not followed by treatment (within 91 days) with null effect for those followed by treatment (similar to the standard model) and that dentist supply is positively related to minor treatments (relatively similar effect to primary sample but now statistically significant). Also, the decline in the likelihood of extractions with greater distance became marginally significant (previously insignificant in the main sample). Overall, however, the main inference is unchanged in this sample.
Estimates by Age
The first age-specific model we estimated was for receiving any comprehensive exam during the first 2 years of life. Comprehensive examination is recommended beginning in the first year of life (American Academy of Pediatric Dentistry [AAPD] 2013). However, <1 percent of our sample had this evaluation in first year of life (~11 percent in 2nd year). We found a similar association for distance as in the full sample (OR = 0.98; 95 percent CI: 0.97-0.99), but a stronger positive association for dentist supply (OR = 1.29; 95 percent CI: 1.22-1.36). Next, we estimated models for all dental services for children aged 3-5 years and children aged 6-9 years (Table 3) . Interestingly, we observed overall similar associations among children aged 3-5 years as in the full sample, with the exception of a significant decline in extractions as distance increased. In contrast, we found that distance and dental supply had an insignificant effect on use of dental services for children 6-9 years with the exception of an increase in other preventive services with more dentists.
DISCUSSION
We evaluated the effects of both child-level distance to the nearest dentist and dentist supply on use of dental services for children enrolled in Medicaid in Iowa. We found evidence that increased distance to the nearest dentist is associated with a decrease in likelihood of a comprehensive exam. A 1 SD increase in distance (about 3.3 miles) equates to a decrease of about 6 percent in the odds of a comprehensive exam. Our results do not show distance to be a significant factor for other dental services, however. We also found weaker evidence for a positive relationship between supply of dentists and comprehensive exams. The odds of a comprehensive exam increase by 17 percent with an additional dentist per 1,000 children. However, when evaluating the effect of dentist supply using variation for the same child over time, the effect diminishes, suggesting that dentist supply is possibly confounded with other county-level factors related to dental services use, which may include social and economic conditions (Quinn, Catalano, and Felber 2009; Guarnizo-Herreno and Wehby 2012b) . The exception is for other preventive services, in which case dentist supply continues to show an effect. These results are consistent with previous studies reporting a positive association between dentist supply and use of preventive dental care using state-level data (e.g., Lin et al. 2012 ) , and that such association becomes less prominent after adjusting for additional state-level characteristics (Guarnizo-Herreno and Wehby 2014).
To further characterize the impact of distance and dentist supply on use of dental services, we stratified our analyses by age group. We found the strongest associations with both distance and dentist supply for younger children ages 3-5. Dental problems are overall less severe among younger children, and some parents may downplay the importance of primary (i.e., "temporary") teeth, which may lead some parents to consider the use of dental care as discretionary, making it more sensitive to supply-side factors. Guarnizo-Herreno and Wehby (2014), in assessing the effects of dentist supply nationally, also find that the oral health of younger children (grouped as those aged 1-10 years in their study) is much more sensitive to dental supply than older children. Our results are generally consistent with theirs, but suggest further heterogeneity among young children in that use of dental services is most sensitive to geographic barriers prior to school entry. Whether requiring dental screening prior to school entry reduces the importance of supply-side factors for subsequent use of dental services among younger children is an important question for future research. In 2008, the state of Iowa began requiring screenings prior to the school year for children ages 3-6 (Iowa Department of Public Health [IDPH] 2015) . Individual school districts may have had similar requirements in place prior to the state requirement. It is possible that the effects we observe among younger children would have been even more pronounced without such requirements.
These findings carry important policy implications. Across a relatively rural state like Iowa, child-level geographic proximity, in this case distance to the nearest dentist, plays a role in use of comprehensive dental screenings, particularly for younger children, conditional on the number of dentists in the county. In the models that remove as many of the confounders as possible (conditional logit), we find that individual distance matters more for comprehensive examinations than dentist supply. This finding offers insights for designing policies and interventions to address geographic barriers to dental care and shortfalls in preventive dental care. Identifying and lowering time and travel costs to dentists for families is a more relevant target than the goal of simply increasing the number of dentists in a given area (e.g., county) as not all dentists will be equally accessible distance-wise to the majority of children in that area. In the same vein, policies that address geographic disparities through incentives that encourage dental professionals to practice in underserved locales would be well served to focus on average distance to dentists for residents rather than per capita dentists, although both factors ultimately play a role.
Our study has several strengths, including the large sample, longitudinal data, objective measures of dental use, and utilizing within-child variation over time to remove time-invariant confounders. It also has some caveats that can be considered in future research. Despite the richness of the data, an inherent challenge in using administrative datasets like Medicaid claims is not being able to fully disentangle dental health from use of dental services. Future studies that examine the effects of geographic proximity on dental health outcomes would be particularly useful to further understand the implications of geographic barriers for children's oral health. We also focus on children in Medicaid in Iowa. Examining the generalizability to non-Medicaid children including those with and without private dental insurance and to nationally representative samples is also important due to the existence of racial/ethnic, socioeconomic, and geographic disparities in dental health and use of dental services (Lewis et al. 2007; Liu et al. 2007 ; Guarnizo-Herreno and Wehby 2012b).
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